Landscape Structure and Dynamics of the Mu-Us Sands, China by KOBAYASHI, Tatsuaki
Landscape Stru ctu re a nd Dyn amics ofthe Mu - UsS ands, C hin a
Tatsuaki Kobayashi(*)
* Departrn e ntof Envir o nm entalScie n ce and La ndscape Ar chite ctu re, ChibaU miv ersity
64 3 Matsudo Matsudo271 Japa n
Fa x :＋81-473-6311497
Em ai1:tats u@v eg-bos s･h･chiba- u.ac･3P
Abstr a ct
Natural1ands c ape u nit of the Mu- Us Sands are cla ssified intofo urtype s a shill, a ctiv e s a nddune,
fli edsa nd du n e and m e ado w･ Pastoralus eis con c e ntr ated o n m e ado w. S and- 血 n e-fix atio nplanting
and windbr e aktree -planting a re a:pplied on a ctiv e s and dune a nd o n m e ado w, r e spectively. The
de velopm e nt ofc ropfielda nd the re s ults ofinte nsivetree planting w er e cle 紅1yre c ogniz edin s atellite
rem ote-sen slngl m age S･ T hebio m a ssintheibasin of the r es er v oir w a s m u ch suppres s ed in 1993 due
to the de cline ofgr ou ndw aterle v el. Ther eis apossiblitythat血 w a sca u s ed by the in cr e as e of
imigatio nalu s e.
1. Intr oductio n
Des ertificadonhasbe e n on e of the m o st se rious en vir o n m e ntalpr oble msin Chin a. The Mu-Us
Sandsis w ell know n as a r epres e ntativ ear e awhichhaslonghistories of de sertiacatio n a nd efforts of
revegetatio n･ To e valuate the effe cts of dese rtific atio n andre vegetatio n, effective w ay of lands c ape
mo nito rlnglS r equired.
T hisye ar, this a re ais n oticeda s a c a u se ofthe dis c o ntinuityof the Ⅲuan - He Rive r･ Ne wspape r
repo rtedthat the Hu an- He Rive r c oul dn othav e re a chedthe seafo r alo ng pe riod in the s eyears
bec atlS e Ofthelack of w ater- flo w ･ T he reis an opinio n tha;Irevegetatio n and agricdtu ral de v elopm e nt
ofs emi-ari dr eglO nincludingthe Mu- UsS ands affe ctthe o v e r-co n s u mptio nof w ater re s ou rce sof the
Htlan- HeRiv er.
Fo r sustainable use of th is r eglO n, eCO -fun ctio nalstudies with large spatials cale sare r equested.
In thispaper,1andscapestr u ctu re and fun ctio nofthe M u- UsSands aresho w n atfir st･ h thela臨rhal f
part, a cttlal dyn amics of landscapeis analyzed with the c ompariso n oftw o s ateniteim age sin 1978
a nd 1993.
2
･ Landsc ape structu reofthe M u -UsSands
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Figur eI Lands c apestructu 托 andgeologic al ba s e oftheMu
- UsS ands･
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T he Mu - UsS andsde velops on the OrdosP hteau whichextendsflatfo r40,000km
2
a[Ihe al titude
of100to 1500m . Itis situated inthe ec oto n ebetw een thetem perate aridand humi dr?glOn S･ T hough
the a v e r age of an n ualpre cIPitatio nis 362 孤 , not s olo wfo r step pe, the e c o syte mis n otstable
becaus e ofthelargeyea r-to -ye ar varian ce ofclimate.
Thedire ctorigin ofs a nd a cc um uhtio nis con sider edtobeQuate m arydepo sitsindry a nd humid
periods which w e re s upplied 丘o m w eathered s andsto n e o ngl n ated inthe Mesozoic e r a･ Suchs andy
depo sits c o v erthe wide a nd flatba sinfor m edo nstablege ologicalba sis･
Hu m animpa ctis re c ogmized a sthe m ajorfacto rof de s ertiflCatio n･ Thollghthis a m abelo ngsto
pasto ralr eg1 0 n, Settle m 軌tOf fa m ersha sbee n som etim espro m oted in m ode mhistory･ Inappropriate
cultivatio nhadde str oyed vegetation and th in s oil-laye r, which invited the exten siv e wind- er osio n of
la nds urfa c e.
Fro m the e c olgicalpoint of vie w, the total1ands c ape ofthe ct m nt M u- Us Sands m ainly
consists of the follo w ingfo u rlandscape ele m e nts;hill, m e ado w, a ctive s a nddu n e a nd fix ed s and
dun e(Fig. -1)･ Each landscape elem entis characteriz edbyitsphysicalattdbute s a sfollo w s;
1)Co nditio n ofgeo m o rphologic for c e･ 托11 is eroded by thehydrodyn amic fo rc el Sand dun eis
for m ed u nder the a e olian for ce . h pa比1cular, m obilityofa ctiv e s and dt n eis whollyc o ntr olled by
wind c o nditio n.
2)Water s upplyto s oil･ Since thegro undw ate rle v elishighat m e ado w, s oilm oistu reis n ot only
supplied by pre cIPitation butals oby gr oundw ater. Athillands and dun e, asthe gr o u ndw ate rle v elis
low , w ater supplytopsam m ophytes andx e r ophyte sis alm ostdu etoprecipitation･
3)Soilco mposition. Activ e sand duneis c o n stru cted bysa nds withregularparticle s. Soilof hill,
fix ed s a nd dun e and m e ado w c o ntmis m or e o rle s s血IeParticle s a slo es sdepo sits and o rganic
products･
The e cologicalpr ope rhe s ofe ach elem ent ar e stl mi zed in Table 1･ Prim a ryfa ctor of habitatis
s oilm oistur e c o nditio n. As the s oilm oistur e c o nditio nis dryin bina nds a nd du n e, slユCh habitats are
occ upied by xe rophyte s andps am m ophytes･ h m e adow , s oilm oistureis s o w et that theland is
c o ve red by m esic and hyd ricgr a ss e s･ Apartofm e ado w withsal ine s oilisdomin ated byh alophyte s･
Soil fertilityis high in m e adow , ther eforeplantproductivityislarge. Me ado wisthe m ajorfleld
ofpa storal 1ifeand m osthighly utiliz ed. The pr oductivity ofgrassland is affe ctedby the cha nges of
gr oundw aterleveland its salimity.
Fix eds and du n ehastw olayer s ofsoil with co ntr ary properties. Tops oil isfe rtile and hashigh
w ater-holding capacity. Ho w e ve r, itslaye ris thin a nd the s ubsoil is so ste rile･ Sin c ethefertility of
tops oil is high,fixed s and dl皿 ehasbee ns o m etim esdeveloped asfarmiand･ Butsuch farmlandhas
be en abando n ed becaus eitsprodu ctivity quicklyde cr e ased. A bandoned fieldo nfix ed s and dun eis
apt to be er oded bystrong wind wi tho ut c ov er sI Cons eque ntly, flXed s and du n eeasilycha nge sto
activ e s and dun ethro ughsuch des ertific ationproce sse s･
Active s and du n eis s ubjectedto ae olian fo rc e. Plant e stablishm e ntis v e ry hard du e to high
erosibilityexc ept so me specific ps am m ophytes. Ev e nin a ctiv e s and dun e, ifthe wind force w as
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redtlCed u nde rs o m econdit o n s, s a nd dune fixating plants s u ch a sArtemisia o Tdosic a c oul d invade.
Dev elopm entofpioneerpla ntspr o m otestheproces s ofs and dune flZ.atiol and v egetativ es ucce ssio n.
T hot1ghthes eproc e sses, aC丘ve s anddune chaJlge StO 血 edsand dun e.
3. M e也od oflandsc ape change m onitoring withsdellitedata
Tw o ND Ⅵ im age s ofdle S O uth- e a ste m partof the Mt1- UsSa nds w er eproduc ed fr o mthedata of
L AND S A T/M SS(1978/8/19) and M O S/M E SS R(1 993r7/17)･ Geo m etric relatio n ship oftw oim ages
w a s adju sted by 也e ne a 托St neighbor res ampling m ethod. Radian c e w a stra n sfo rm ed fr o mthe digital
valu e ofe a ch s ateuite u sing e a ch inhe re ntequ atio n s. ND Ⅵ(nor maliz ed dif3ere ntialv egetatio nindex)
w a s c alcuhted with thefollo whgequdio n;
ND Ⅵ=(N R - R)/(N IR＋ R),
wher e
,
N IRand Rsho w r adia n c einOe reglO n Of n ear-infra red w a v e a nd red w av e. ND Ⅵ is
c o nsideredto r epr e s e ntthe abundan ce ofv egetation .
n e changes of ND V Iim age w e re c o mpar ed withtheland us e, which w as identified withthe
m apof
”
Natural Co ndition and lmpr o v e m e ntof the Mu - UsS andyDistrict
'l
publishedin 1 98 3.
4. hte rpretation ofthe changes oflands c ape
Fig. - 2 show s N D Ⅵ im ages of the s o uth-e aste mpa rtofthe Mu - UsS andsin the s ul n m er Of 1978
and 1993. Fro mthe n o rtha ndw estpart tothe c ehter of e ach im age, the M u - UsSa ndsisl∝ ated o n
the Ordo sPlatea u･ Here, I call it
''
platea u are a
'rin a simple w o rd･ The so uth- e a ste rn c o me rofthe
figtw ebelo ngsto thelo e ssial di紐 ct whichpre se ntsde ep relief, n amelythe Hu an- Tu (Yello wSoil)
Hills. Icall it
”1o e ss ar e a” . h thebo undary ofthe m, s o m eriv e rs c ∬ v evalleys a nd 凸o wto w ards the
s ol血 I e aSte m dire ctio n･ m e w o rd
,
”boundary area
” is u s ed fo rit. Yu -Lin City, the plac e of l∝al
go v em n e nt and the ec o n omic ce nter of th is area,islo c ated alo ngthe Yu - Ⅹi- HeRiv e r.
In this 丘gu r e, darkto n e sho w s也e pla c ewithhighN D Ⅵ. Theplate au a re aco n sists of vario u s
to nes of m o saic s･ Co mpared withthelandu se m ap, darkto n epart, darkgr ay part and lightgray part
alm ostco r e･spondtothefollo wlnglandsc ape mits; m e ado w, fixeds anddu ne anda ctive sand du ne,
r e spectively･ The white partshow s the su rfac e of w ater･ Thebo u ndary are aisdomin ated bylight
gray parts, thatis, activ es and du n e･ Riverside plain sho ws the darkto n e withthe striking co ntra st to
acdv esand du n e. Itsho w scr opfielda nd riparian v egetatio n. Theloe s s are ais c olored withgray.
Fig. -3 sho ws theim age of the changes of ND VI fro m1978to 1993. T hedarkton e sho w sthe
inc r e as eof bio m as s
,
while thelight to n e sho w sthe de c re as eof it. In thisflgure, SO m e Char a cteristic
site withsharpcha ngesc anbepointed out.
N D VI-in cr easedplac eis observ ed alo ngthe riv e rs･ Itillustrates that c ropfield ha s exp andedin
thislo c atio n･ The 托 打 eOthe r ND Vl- hcreas edpla c es asSite A a nd B in Fig. -3･ Thela nds c apetype of
Site A belongsto m eadow and thelandtlS e Of itisdes cri bed as c ropfieldinthe m ap. T his site also
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1978Bai_He Re,s er v ｡irBa主_HeRiv er
Yll-Lin Yu. Xi. HeRiv er
50km
N DV I
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Figt)re 2 N D VIim age s of the s o tlh- e a Stem Pa rtOf the MtI-Us Sandsinthe st) m merof 1978and
1993.
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＋
Sit¢B
Figur e3 Im age of N D VII Cha nges ofthe south- e a stem part of the M u- UsS andsfro m1978to1993.
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o v e rlaps with theplac es wheretree -planting pr o)e ct w a sinte n siv ely pr o m oted･
Site B c orr espo nds to Yu -Lin City and its surro undings. As the ND Ⅵof the c e nte r of it
decr e a s ed
,
itis con sider edthat urbaniz atio nhaspr o c e ed d inthe city area･ T he incre as eofND VIin
its su rr o undings sho w sthat血 mlaJld and windbreakpla ntinghav ebe e nde veloped n earthe city a rea.
On the othe rh and, pr omin e nt N D Ⅵ-de crea sedplac e w a s rec ognizedin theba sin of也ら B ai-fie
Re servoir(Site C). T he m ostpartofdege n er ated v egetation ar ound theBai- He Re s e r v oiris s ubjected
to natur al m e adow ･ Sin ce plantsis n aturallyirrigated by gr o umdw aterin m eado w, pn m a ryfa ctor of
thispheno m en o n占bo uld be attributedtothe de cline ofgr o u ndw ate rle vel. T he m eteorological data of
T ai- Yu a n
,
28 0k皿 aParte astw a rd fr o mYu
-Lin
,
sho w sthatthepre cipitado n丘
.
o mJu n etoJulyin1978
w a s163n m , whnein 1993, that w as62m mL T hat of La n-Zho u, 550km apart w estw ard fro m
Yu- Lin, w a s194rE 皿 in 1978and 99mm in 1 993. Cons equently, itis e asユy spec uhtedthat the
pre cipitationin the earlystl m n e r Of 1993w as muchle s stha n1978 her e. Itis c on side r ed 血atthe
gr o u ndw aterlev el is apt to changebe caus ethe c atchme nt ofgro undw ateris en closed in the Ordo s
P hte a uwitho utthe effective r e charged are a. T he changes ofprecIPitatio na r e s up po s edto affectthe
gr o u ndw aterle velhereI
Ho w e ve r
,
the declin e ofitispar°ydue to an anthropoge nicfa cto r, be cau s ethede crea se ofN D Ⅵ
w as eminent, c o mpa red withothe r meado w s･ As m 8 ntio n edabov e, agric ulttnal de v elopm e nta ndtree
planting ha v ebe e nprom oted do wn- stre amalo ng the B ai-He Riv e r. Su ch developm ent sho uld
inc re as e也e co n s u mption of water r e s o u rc e ofthe B ai- He Reser v oir; a s a r e s ult, the gr ou ndw ate r
table oftheba sin mightpardcula rlyfalldo w n .
5. Co n clusion
Thein cre as e of ND Ⅵw a s m o st obvio u s at也epla c e s whe rehu m a n activitydominate s. Itsho uld
be a:ppre ciated that hu m an effo rtsha v e oper ated w ella s apr o m otingforc e ofr e vegetatio nin this
regio n. Neve rthele ss, ther eis a_p
o s sibiltythatsuch de velopm entals opr o m oted the de clin e of w ate r
res ourc es as show nin the B ai- Ⅱe Res e rv oir. Agric ultd d de velopm e nt a nd m an- m ade r e v egtatio n
ofte n ha v eboth sides of effe ct in s emi-ari da rea･ To s e cur e sustainable de velopm e nt, further
quantitative r e s e ar ches ar e required in the style ofinte r-discipharystudy am o ng e c ology,hydr ology,
m ete orologyandr elated fieldsI
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